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Objective: This study aims to analyze the degeneration of paraspinal muscles after minimally invasive transforaminal lumbar
interbody fusion (MIS-TLIF) surgery and its correlation with clinical outcome.

Methods: Retrospective analysis was conducted on data from patients who underwent single-segment MIS-TLIF surgery in our
hospital. MRI examinations were performed before the operation, at 6 months, and at 12 months after the operation to evaluate
changes in volume and steatosis of the psoas major muscle and lumbar posterior muscles. VAS scores and ODI were filled out at 12
months after the operation, and correlations between psoas volume, posterior muscle volume, steatosis rate, and clinical outcome were
analyzed.

Results: After surgery, both the psoas major muscle and dorsal muscles of fused segments showed atrophy. The steatosis in the fusion
segment improved significantly at 12 months compared to 6 months after surgery (29.7+8.2 vs 20.6+6.1, P<0.05), while there was no
improvement in adjacent segment muscle steatosis during the follow-up period. VAS score was strongly negatively correlated with
lumbar posterior muscle of fused segments (r=—0.819, P < 0.001), strongly positively correlated with steatosis of fused segments
(r=0.868, P < 0.001), and moderately negatively correlated with psoas major muscle of fused segments (r=—0.435). ODI index was
moderately negatively correlated with lumbar posterior muscles (r=—0.-512, P=0-004) as well as psoas major muscles (r=—0402,
P<005). ODI index also had a moderate negative correlation with adjacent dorsal muscles (r=—0478, P=002).

Conclusion: Continuous atrophy was observed in both psoas major muscle and lumbar posterior muscles of fused segments as well as
adjacent segments. However, by the end of the 12-month period after the operation, an improvement in fatty degeneration was noted
specifically in the lumbar posterior muscles of the fused segment. The volume and steatosis rate of lumbar posterior muscles were
found to have a significant correlation with clinical outcome.
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Introduction
Minimally invasive Transforaminal Lumbar Interbody Fusion (MIS-TLIF) has gained widespread utilization in the
treatment of lumbar degenerative diseases.' MIS-TLIF offers muscle protection, reduces paravertebral muscle damage,
and facilitates faster recovery compared to traditional surgery.” However, it is necessary to evaluate through imaging
whether paravertebral muscle degeneration still occurs after MIS-TLIF. Quantitative investigations into the changes
occurring in paravertebral muscles following MIS-TLIF are currently lacking.

Paraspinal muscles encompass lumbar posterior muscle and psoas major muscles. These muscles play a crucial role in
maintaining spinal stability and providing power for spinal movement.”> The lumbar posterior muscle (LM) contributes to
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spinal stability maintenance while the erector spinae muscle aids in preserving spinal balance.* Paravertebral muscle
degeneration can lead to lumbar pain and instability, resulting in unfavorable clinical outcomes with increased rates of
surgical failure and revision.” In a biomechanical test conducted by Kang et al,° it was proposed that when there is a 20%
atrophy of paraspinal muscles, the axial pressure borne by the spine increases by 0.5 MPa.

Many scholars have conducted research on the degeneration of paravertebral muscles in lumbar spine surgery. Fu
et al’ found that statically significant post-operative MFI change was only noted in erector spinae muscle at caudal
adjacent level and L2-S1 mean global level. Conventional open surgery produces a greater area of decompression on
follow up MRI than minimally invasive surgery. Han et al® found through a meta-analysis that for postoperative pain,
multifidus could also be an effective predictor for persistent low back pain after surgery (SMD =0.17, 95% CI 0.02-0.31,
p=0.03).

Previous studies on MIS-TLIF have primarily focused on comparing its clinical advantages and disadvantages with
open surgery.” The assessment of muscle injury has often been limited to intraoperative blood loss and postoperative
quality of life scores, lacking direct evidence of postoperative paravertebral muscle changes. However, the degeneration
of paravertebral muscles also impacts surgical efficacy, making it crucial to identify these muscular changes in order to
enhance surgical techniques.” Therefore, this study aims to quantitatively evaluate the components of degenerative
paravertebral muscles from an imaging perspective and explore their correlation with clinical outcome.

Method

Inclusion and Exclusion Criteria
Inclusion criteria: 1) Single-segment MIS-TLIF procedure. 2) Patients with complete follow-up data and postoperative
magnetic resonance imaging (MRI) examination. 3) Patients aged between 40 and 50 years old. 4) Patients with
a preoperative body mass index (BMI) ranging from 18.5 to 23.9 kg/m?, which may prevent the interference caused
by elevated levels of adipose tissue in the patient’s musculature. 5) Patients with complete follow-up data and a minimum
of 12 months of follow-up.

Exclusion criteria: 1) Multi-segmental disc herniation or spinal stenosis. 2) Lumbar spondylolisthesis and kyphosco-
liosis. 3) Spinal nerve diseases. 4) Historical background of lumbar plexus block. 5) Patients who experience poor wound
healing after surgery.

Perioperative Treatment Methods

All patients received MIS-TLIF surgery via the expandable channel. Unilateral decompression was employed if the
preoperative symptoms were unilateral. If the contralateral side also presented symptoms, the unilateral laminotomy for
bilateral decompression(ULBD) was adopted. During the operation, bilateral pedicle screws were fixed through the
channel. Postoperatively, patients wore braces for more than two months as directed by the doctor’s orders. Subsequently,
they initiated the exercise of the lumbar and back muscles under the guidance of the outpatient department. All patients
received homogeneous rehabilitation training guidance.

The General Information
This is a retrospective cohort study. According to the inclusion criteria, a total of 50 patients were enrolled, including 22
males and 28 females. The average age was 44.7+4.6 years (41-50 years). Body mass index 22.9+1.5 kg/m?
(19.6-23.8 kg/mz); The median preoperative visual analogue scale (VAS) score was 7.3 (6-9). The median preoperative
Oswestry disability index (ODI) was 71.4 (62.0-84.0). There were 32 patients with lumbar disc herniation, 14 patients
with lumbar spinal stenosis, and 4 patients with lumbar instability. The surgical fusion level included L4/5 in 32 cases
and L5/S1 in 18 cases. At the end of the 12 month post-operation, the median VAS score decreased to 3.2 points (ranging
from 1 to 4), while the median ODI improved to a value of 12 0.4 (ranging from 6 0.0 to 24 0.0).

This study has been approved by the Medical Ethics Committee of Henan Provincial People’s Hospital (2021-173).
Written informed consent was obtained from the patient. All researchers adhered to the principles outlined in the
Declaration of Helsinki, and written informed consent was obtained from every participant.
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The Study Outcome Measures

Evaluation indexes of paravertebral muscle mass: The paraspinal muscles were categorized into the lumbar posterior
muscle (LM) and Psoas major muscle (Psoas). Muscle quality was assessed based on the extent of muscular development
and the severity of fatty infiltration. The relative volume of paravertebral muscle was utilized to indicate the degree of
muscular development, while the steatosis rate represented the severity of fatty infiltration.'® These evaluation parameters
included lumbar dorsal muscle relative volume (LM%), Psoas major muscle relative volume (Psoas%), and fatty
degeneration rate (FD%). Due to the differences in height and weight among individuals, the cross-sectional area of
their vertebral bodies also varies. The ratio of LM/VB and Psoas/VB provide a uniform baseline for comparison among
different individuals.

Imaging measurements of the paraspinal muscles were conducted on MRI images: The MRI image data were saved in
DICOM format. Following the method proposed by Hyun et al'' for evaluating muscle area on MRI images. The MRI
cross-sectional image was segmented, and the relative muscle volume was quantified based on the area of each muscle
image segmentation. Fast spin-echo T2 weighted imaging (FSE T2WI) was performed using PiView software to measure
the cross-sectional area of lumbar dorsal muscle, vertebral body (VB), and psoas major muscle. The cross-sectional area
was calculated by contouring around it with a cursor. (Figure 1)

Calculation of paravertebral muscle steatosis: LM% is determined by calculating the ratio of the cross-sectional area
of the dorsal muscle to that of the vertebral body (LM/VB). Similarly, Psoas% is calculated as the ratio between its cross-
sectional area and that of the vertebral body (Posas/VB). To assess fatty degeneration in lumbar dorsal muscles, we
employed a method proposed by Jun et al.'® Image J software was utilized to calculate and analyze pixel gray levels in
both paraspinal muscles and subcutaneous fat areas within images. FD% was measured by determining the number of
pixels with fatty degeneration in relation to total pixels present in lumbar dorsal muscles.

The cross-sectional MRI images of the fusion level and the intervertebral disc level at the adjacent segment were
selected preoperatively, as well as at 6 and 12 months postoperatively. Following image segmentation, measurements
were obtained for the cross-sectional areas of LM, Psoas and vertebral bodies. Subsequently, calculations were performed
to determine LM%, Psoas%, and FD% for both the fusion level and adjacent segments. The final value was derived by
averaging these two measurements.

10 cm Area : 1,400.8 mm2
Mean : 114.1

mm2

:3,187.2 mm2

n:291.5
-

Figure | Regional division map of paraspinal muscles. The yellow region represents the vertebral body (VB), the red region corresponds to the Psoas, and the green region
indicates the dorsal muscle (LM).
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The Clinical Outcomes
The clinical outcomes was assessed using the Visual Analog Scale (VAS) score and Oswestry Disability Index (ODI) at
12 months post-surgery. All the scores are filled in by the patients in a quiet environment.

Visual Analogue Scale (VAS) was used to assess pain and its severity on a scale of 0—10. The tested subject, using
a straight horizontal line with a length of 10 cm, indicates the level of pain felt. The researcher then marks the indicated
point. Range of 03 signifies no pain or weak pain, 4-6 signifies severe pain, and 7—10 a very strong to the strongest pain
imaginable.'?

Oswestry Disability Index (ODI) is the method for assessing disability caused by back pain. It contains 10 questions
regarding: the intensity of pain and its variability, self reliance, weight lifting, ability to travel, sexual intercourse, rising
from a sitting position, sleeping, walking, standing and sitting. Questions are scored on a scale of 0 to 5. The maximum
number of points is 50. The result is presented on a scale of 0—50 points or as a percentage from 0-100%. Using
Fairbank’s interpretation of ODI results, on a scale of 0—100%, five disability groups are determined: minimal 0-20%,
moderate 21-40%, severe 41-60%, very serious 61-80% and exaggerated symptoms 81-100%. "

The Analysis of Correlation
The correlation between paravertebral muscle degeneration and clinical outcome is composed of two parts: the correla-
tion between VAS score and the degeneration of paraspinal muscles and the correlation between ODI index and the
degeneration of paraspinal muscles. The association between LM%, Psoas%, FD% and VAS score, as well as ODI index
at the end of follow-up, was examined.

Statistical Methods

The Shapiro—Wilk test was employed to assess the normal distribution of measurement data using IBM SPSS 23.0.
Measurement data demonstrating a normal distribution and homogeneity of variance were presented as x+s. Repeated
measures analysis of variance (ANOVA) was utilized for comparing LM%, Psoas%, FD% and VAS score, ODI index at
different time points, while the LSD-¢ test was applied for multiple comparisons. Pearson correlation analysis was
conducted to examine the relationship between LM%, Psoas%, FD% and VAS score, ODI index, with the strength of
association evaluated using the correlation coefficient (r). The absolute value of r ranged from 0.8-1.0 denoting an
extremely strong correlation, 0.6-0.8 indicating a strong correlation, and 0.4-0.6 representing a moderate level of
correlation respectively; whereas an r value ranging from 0 to 0.2 suggested very weak or no correlation existed between
variables under investigation.'' A significance level of P < 0 0.05 was considered statistically significant.

Results

The LM% and Psoas% in the fusion segment exhibited a significant decrease at 6 and 12 months post-operation
compared to pre-operative levels (P < 0.05). However, there was no statistically significant difference between
measurements taken at 6 and 12 months after surgery (P > 0.05). The FD% of the fusion segment significantly increased
at both time points compared to pre-operative values (P < 0.05), with a higher increase observed at 6 months than 12
months (P < 0.05). These findings indicate muscle atrophy in the LM and Psoas within the fusion segment following
surgery, which does not show significant recovery during the follow-up period. Additionally, steatosis improves by 12
months post-surgery when compared to 6 months. (Table 1 and Figure 2A)

The adjacent segments of LM% and Psoas% showed a significant decrease at 6 and 12 months post-operation (P <
0.05). However, there was no significant difference between the measurements taken at 6 months and those obtained at
12 months after surgery (P > 0.05). The FD% of adjacent segments significantly increased compared to pre-operative
levels (P < 0.05). Nevertheless, there was no significant difference in FD% between 6 months and 12 months post-
operation (P > 0.05). The LM and Psoas muscles of adjacent segments exhibited postoperative atrophy, while steatosis
did not show improvement during the follow-up period. (Table 2 and Figure 2B)

The VAS score exhibited a strong negative correlation with the LM% (r=—0.819, P < 0.001), FD% (1=0.868, P <
0.001), and a moderate negative correlation with the Psoas% (r=—0.435, P=0.016). The ODI showed a moderate negative
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Table | The Degeneration of Paravertebral Muscles at Various Time
Intervals in the Adjacent Segment. LM% Is the Relative Volume of
Lumbar Dorsal Muscle, Psoas% Is the Relative Volume of Psoas
Major Muscle, and FD% Is the Steatosis Rate. F Values Are Statistical
Values Using Repeated Measures ANOVA

LM% Psoas% FD%
Prior to the surgical procedure | 243.7+57.1 127.6124.8 11.7£5.4
6 months post-operation 217.2446.9* | 110.4£27.3* | 29.7+8.2°
12 months post-operation 220.3£63.1* | 106.7£28.4* | 20.6£6.1*°
F 4.612 26.983 415.233
P 0.011 <0.001 <0.001

correlation with the LM% (r=—0.512, P=0.004) and Psoas% (r=—0.402, P= 0.020), and a moderate positive correlation
with the FD% (r=0.565, P=0.001). The most closely related to clinical outcome were LM% and FD% of the fusion
segment, followed by Psoas% of the fusion segment.(Figure 3A and B)

There was no correlation between VAS score and LM%, Psoas% and FD% of adjacent segments (P > 0.05). ODI was
negatively correlated with LM% (r=—0.478, P=0.012) and weakly correlated with Psoas% (r=—0.343, P=0.028). The most
significant effect on clinical outcome was LM% of adjacent segments. (Table 3, Figure 3C and D)

Discussion

There are numerous factors that influence the efficacy of lumbar spine surgery.' Previous studies have predominantly
focused on surgical factors and postoperative fusion, with limited attention given to the impact of paravertebral muscles
on postoperative outcomes. The primary objective of MIS-TLIF technology is to minimize muscle damage during lumbar
fusion surgery. However, some patients still experience muscle atrophy following MIS-TLIF, which subsequently
contributes to reduced satisfaction due to postoperative low back pain.'* Therefore, it is worth investigating whether
there exists a correlation between residual symptoms after surgery and degeneration of the low back muscles.

Muscle injury and degeneration frequently result in persistent low back pain following surgery.'> Research has
indicated that deep muscle tissue damage can lead to long-term postoperative pain, often accompanied by chronic
inflammation.'® Quantitative assessment of muscle degeneration is valuable for objectively understanding intraoperative
injuries and postoperative muscular changes. Cross-sectional MRI images effectively depict the contour of paravertebral
muscles, while alterations in image signal intensity on T2-weighted images can indicate the extent of fat infiltration.'”

Hyun et al'' proposed a method for measuring the area of the psoas major muscle, erector spinae muscle, and multifidus

>
w

400+ 400+
@ -+ FD % -+ FD %
§ 300 -= Psoas % % 300 -= Psoas %
g - LM% i - LM%
® r-
5 2004 5 2004
S S
° H
s 100 £ 100- }\*_—_{
s &

ol ——= : e

Figure 2 The changes of paravertebral muscles over time after surgery. (A) Changes in the paravertebral muscles in the fusion level. (B) Changes in paravertebral muscles in
the adjacent segment. LM% is the relative volume of lumbar dorsal muscle, Psoas% is the relative volume of psoas major muscle, and FD% is the steatosis rate. The term
“prior” refers to the period before undergoing surgery. The term “6 m po” refers to 6 months post operation. The term “I2 m po” refers to 12 months post operation.
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Table 2 The Degeneration of Paravertebral Muscles at Various Time Intervals
in the Fusion Level. LM% Is the Relative Volume of Lumbar Dorsal Muscle,
Psoas% Is the Relative Volume of Psoas Major Muscle, and FD% Is the Steatosis
Rate. F Values Are Statistical Values Using Repeated Measures ANOVA

LM% Psoas% FD%
Prior to the surgical procedure 221.6£72.5 113.7+£34.9 10.9+3.8
6 months post-operation 189.5+54.9° 103.4+42.6" 16.7£5.2%
12 months post-operation 201.7£71.4° 107.1£36.2° 17.1£8.3%

6.270 8.796 68.856

0.002 0.041 0.027

muscle on MRI images through image segmentation. The authors utilized the cross-sectional area of the vertebral body as
a reference point and employed the ratio between muscle area and vertebral body area as a parameter to evaluate
paraspinal muscles’ condition. Furthermore, this study draws inspiration from this method.

The LM% and Posas% of the fusion segment exhibited a decrease to 89.3% and 85.7%, respectively, at the 6-month
postoperative mark. Similarly, the LM% and Posas% of adjacent segments experienced a decline to 85.5% and 91.2%,
respectively, at the same time point after surgery. This study provides evidence demonstrating a reduction in para-
vertebral muscle volume following surgical intervention, with no observed trend towards improvement in muscle volume
during the subsequent 12-month follow-up period. Figure 4 presents pre- and post-operative MRI images of the lumbar

muscles.
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Figure 3 The correlation between paravertebral muscles and VAS score as well as ODI index. (A) The VAS score exhibited a strong negative correlation with the LM% (r=
—0.819, P <0.001), FD% (r=0.868, P < 0.001), and a moderate negative correlation with the Psoas% (r=—0.435, P=0.016) in the fusion level. (B) The ODI showed a moderate
negative correlation with the LM% (r=-0.512, P=0.004) and Psoas% (r=—0.402, P= 0.020), and a moderate positive correlation with the FD% (r=0.565, P=0.001) in the fusion
level. (C) There was no correlation between VAS score and LM%, Psoas% and FD% (P > 0.05) in the adjacent segment. (D) ODI was negatively correlated with LM% (r=
—0.478, P=0.012) and weakly correlated with Psoas% (r=—0.343, P=0.028) in the adjacent segment.
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Table 3 Correlation Analysis of Paravertebral Muscles and VAS Score and ODI
Index. LM% Is the Relative Volume of Lumbar Dorsal Muscle, Psoas% Is the
Relative Volume of Psoas Major Muscle, and FD% Is the Steatosis Rate. The
r Value Represents the Pearson Correlation Coefficient, Which Quantifies the
Degree of Correlation Between Variables

Fused segment Adjacent segment
LM% Psoas% FD% LM% Psoas?% FD%
VAS
r —0.819 —0.435 0.868 -0.218 —0.259 0.199
P value <0.001 0.016 <0.001 0.084 0.061 0.108
oDl
r -0.512 —0.402 0.565 —0.478 —0.343 0.242
P 0.004 0.020 0.001 0.012 0.028 0.065

Some studies suggest a proportional relationship between the volume of paravertebral muscles and the isometric
contraction force of the lumbar spine.'® Simultaneously, a decrease in muscle volume directly leads to reduced support
strength of the paravertebral muscles, resulting in increased pressure load on the spine. Salimi et al'® discovered through
bioelectrical impedance experiments that dorsal muscle volume exhibited a positive correlation with bioelectrical
impedance (r=0.752), indicating that decreased dorsal muscle volume would weaken trunk strength. According to the
findings of this study, postoperative patients experienced continuous atrophy in their dorsal and psoas major muscles
during the follow-up period, signifying a significant decline in lumbar support strength after surgery.

The findings of this study revealed a persistent rate of paravertebral muscle steatosis following fusion segment
surgery. Although the steatosis rate at 12 months post-surgery demonstrated improvement compared to that at 6 months,
it remained elevated relative to the preoperative level, indicating an inability for the muscle steatosis rate to fully revert
back to its initial state. Furthermore, there was a significant increase in the steatosis rate of adjacent segments at both 6
and 12 months after surgery (P < 0.05), with no statistically significant difference observed between these two time points
(P > 0.05). These results suggest that post-operative steatosis in adjacent segments continues to worsen and does not
improve during the follow-up period.

The occurrence of muscle steatosis can be attributed to intraoperative injury.”’ However, the presence of a stable
repair environment does not ameliorate the steatosis in adjacent segments. Previous research has demonstrated that
post lumbar spine surgery, axial stress is uniformly distributed to neighboring segments, resulting in a 25% increase in

A B

Figure 4 Preoperative and postoperative MRI images. (A) The preoperative MRI revealed a herniated disc causing compression of the dural sac, with no evident
hyperintense signal observed on T2-weighted images, indicating the absence of significant muscle degeneration prior to surgery. (B) At 12 months after surgery, MRI showed
a hyperintense signal on T2-weighted image, indicating that the muscle had degenerated.
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muscle stress within these segments after lumbar fusion.?' This redistribution of axial stress may induce alterations in
muscle morphology within adjacent segments, potentially accounting for the persistently elevated rate of steatosis
observed.

The variables most strongly associated with clinical outcome score were the LM% in the fusion segment (r=—0.819,
P=0.000) and the FD% in that same segment (r=0.868, P=0.000). In adjacent segments, the variable most closely related
to postoperative clinical outcome score was the LM% (=—0.4784, P=0.008). Both the Posas% in both fusion and
adjacent segments showed a negative correlation with clinical outcome.

The reduction in muscle volume will impact the normal physiological function of the lumbar spine, subsequently
affecting the clinical outcomes.?” The LM plays a crucial role in maintaining sagittal balance and providing power for the
lumbar spine’s normal physiological activities. Anatomical studies demonstrated that LM volume is directly proportional
to lumbar spine mobility.”> The continuous decrease in dorsal muscle volume post-surgery indicates a persistent decline
in lumbar spine mobility among patients. Seyedhoseinpoor et al,>* through finite element analysis modeling, discovered
that reduced LM results in a 30% increase in energy consumption during lumbar spine motion. This implies that patients
undergoing MIS-TLIF surgery require more energy for lumbar movement, which may contribute to the decline in clinical
outcome.

Meanwhile, relevant literature has also compared the muscle damage caused by MIS-TLIF and OPEN-TLIF. Hu
et al*® found that there were no significant differences in blood loss postoperative creatine kinase content between the
two methods (p > 0.05). Baharat et al*® conducted that mean reduction in lean muscle mass of multifidus muscle was
greater in OPEN-TLIF group as compared to MIS-TLIF. There was greater reduction in lean muscle mass in females
and on side of cage insertion. Subsequently, we will also conduct a research on the imaging assessment of the
differences between the two to better evaluate the long-term advantages and disadvantages of the two surgical
methods.

This study still has limitations. Firstly, the inclusion of cases was restricted in number. Despite the fact that all MRI
examinations in this study underwent artifact removal correction, the presence of implants may still impact the
experimental outcomes. Secondly, there is a limitation on follow-up time and paraspinal muscle degeneration may
vary over time. Additionally, to minimize confounding factors’ influence on the experimental results, this study imposed
restrictions on BMI and age for included patients while excluding those with excessive body weight. Lastly, it should be
noted that this study is a single-center retrospective study where surgeons’ experience and operating habits might have
influenced the research findings.

Conclusion

The MIS-TLIF procedure resulted in a reduction in paraspinal muscle volume and the presence of fat deposits in the
dorsal muscles. However, at the fusion level, there was an improvement in FD% after 12 months of follow-up, while no
significant improvement was observed at the adjacent level during this period. Furthermore, clinical outcome was found
to be closely associated with both LM% and FD% at the fusion level.
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